SUMMARY By grouping patients who had carotid angiograms under unusually carefully monitored conditions it has been shown that hypocapnia is associated with vasodilatation at low blood pressure but not at high blood pressure. The mechanism is discussed in general terms and it is suggested that the hypocapnic vasodilatation may be a response to cerebral hypoxia and may be transmitted via an intracerebral autonomic pathway. Clinical and angiographical diagnoses are given for SO patients.
IN THE BABOON there is angiographical evidence that during hypocapnia the response of the larger cerebral arteries to a further drop in Paco 2 is vasodilatation. 1 This paradoxical reactivity was also observed in man, but the conditions under which diagnostic angiography had to be performed in the hospital could not be as carefully controlled as in the experiments with baboons, so that in man the effects of concomitant blood pressures (BP) were unknown.
To investigate the phenomenon further we have measured the internal diameters of the intracranial carotid, the middle and the anterior cerebral arteries in a series of angiograms which were all carried out under unusually carefully monitored conditions. The arterial diameters have been related both to blood pressure and Paco 2 . The findings indicated that though paradoxical CO 2 reactivity is generally seen at low blood pressure in hypocapnic patients, it is not seen if a normal blood pressure is maintained.
Methods
From patients at The National Hospital, Queen Square, London (England) who were anesthetized using a short-acting barbiturate for inductions and who were maintained on nitrous oxide and oxygen, supplemented by neuroleptanalgesia 2 in order to carry out intracarotid U3 Xe cerebral blood flow (CBF) studies and carotid angiography, 40 were chosen because their blood pressure levels fitted into our predetermined grouping. Ten further patients had had angiography at St. Bartholomew's Hospital also under very carefully monitored conditions, but anesthetized (after in- In both groups of patients mean arterial blood pressure and Paco 2 were recorded immediately before the AP angiographical series of films. In some of the St. Bartholomew's Hospital patients CO 2 was added to the inspired gases in order to return the Paco 2 to normal levels before a second series of films had to be made, and the opportunity was taken to compare the diameters of the vessels with what they had been before.
From the angiograms thus obtained from 50 patients, six groups were made of ten studies each, depending upon the levels of blood pressure and Paco 2 . The grouping was arranged by mean blood pressures, low (75 mm Hg and below), medium (75 to 100 mm Hg) and high (above 100 mm Hg). The significance of the differences between the parameters used for grouping is in tables 2 and 3.
Having thus achieved what appear to be significantly different groups around a point at a Paco 2 of 28 mm Hg, it was thought that comparison of mean arterial diameters between groups might show whether the reactivity of these vessels is likely to be the same or different above and below the critical Paco 2 
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When the individual arteries were considered there was a significant difference at low Paco 2 between the carotid arteries of those with medium blood pressure and those with high blood pressure (Groups B and D) and between the middle as well as the anterior cerebral arteries of those at low Other comparisons did not reach acceptable levels of significance, but as far as they went were consistent with the interpretation that, at medium or high blood pressure, larger arteries are seen with higher Paco 2 .
Discussion
The findings reported here are consistent with those observed in baboons, but paradoxical CO 2 reactivity in hypocapnia seems to be prevented by maintaining a higher blood pressure in man, and our more recent work in the baboon also suggests that it may not occur when the blood pressure is in the high normal range.
A previous study 3 which included some of these same patients showed that when blood flow was measured CO 2 reactivity was proportional to conductance (the reciprocal of resistance). The present observations may fit in with that observation. CO 2 reactivity measured in terms of change in 2 drops, progressively diminishing blood flow by constricting the resistance vessels, a second mechanism gradually comes into play which tends to counteract the "direct" vasoconstrictive action of lowered Paco 2 on the larger vessels.
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A progressively active antagonist to their "direct" Paco 2 reactivity would explain why the larger vessels dilate at very low Paco 2 .
We have not yet shown, of course, that the change-over from "normal" to "paradoxical" CO 2 reactivity is gradual, though it would be reasonable to believe it to be so. Such a gradual overmastering of the autoregulatory mechanism by the systemic pressure-preserving mechanism has already been shown in the goat's cerebral supply arrangements (the external carotid and rete), 4 vasodilatation with each stepwise drop in blood pressure becoming proportionately less until at very low pressures each further drop causes progressively increasing vasoconstriction. What one might call the point of paradox for Paco 2 -dependent changes in vessel diameter in man and baboon seems to coincide with a Paco 2 level near which there may be evidence of the onset of cerebral hypoxia due to low flow (in the dog). 5 It could be imagined that a higher systemic blood pressure might avert hypoxia associated with vasoconstriction due to hypocapnia. If so, and if it is incipient hypoxia which initiates the dilatation of the carotid and the main trunks of the middle and anterior cerebral arteries, one may ask, "How?"
One possible mechanism might require an autonomic pathway between the hypoxic brain parenchyma (or resistance vessels) and the vasomotor center, or, more directly, between the hypoxic brain parenchyma (or resistance vessels) and the larger basal arteries.
Paradoxical CO 2 reactivity is seen at normocapnia in baboons, both immediately after blood has been introduced into the subarachnoid space and a week later. 6 There is some evidence that this paradoxical reactivity is also to some degree pressure-dependent. After experimental subarachr noid hemorrhage of this kind it may therefore be that the proposed mechanism is initiated more easily because hypoxia beyond the spastic vessels is provoked by hypocapnia even at normotension.
